Restitution of respiratory support, which may include continuous positive airway pressure, non-invasive ventilation or reintubation, is needed in some patients post-extubation. We aimed to investigate whether serial arterial blood gas measurements done in the post-extubation period would help to identify such patients and to delineate the optimal post-extubation duration for close monitoring. We retrospectively analysed 115 consecutive adult patients who were extubated following successful spontaneous breathing trials in the medical intensive care unit, excluding patients who were extubated to immediate non-invasive ventilation. Arterial blood gases were measured at one and three hours post-extubation and patients were followed for any restitution of respiratory support for the remainder of their hospital stay. Restitution of respiratory support was required for 22 of 115 (19.1%) patients, of whom 20 were originally intubated for pneumonia. These patients could all be detected clinically from deteriorating pulse oximetry or increasing drowsiness. Performing serial arterial blood gas measurements following extubation did not improve the detection rate or allow earlier detection of patient deterioration. Among the patients with pneumonia, restitution of respiratory support was required within 24 hours of extubation for 16 patients (80%) and after more than 49 hours for four patients. Serial arterial blood gas measurements at one and three hours after a planned extubation are not useful and patients originally intubated for pneumonia should be monitored post-extubation for at least 24 hours in the intensive care unit.
While invasive mechanical ventilation remains the mainstay of ventilatory support in intensive care units (ICU), intensivists continually strive to minimise the duration of mechanical ventilation to avoid complications associated with prolonged intubation and to curtail the ICU length of stay (LOS) 1 . However, early planned extubation comes with the challenge of dealing with the possibility of reintubation and other forms of ventilatory support. Extubated patients often stay extended hours in the ICU for the purpose of monitoring.
Much evidence exists on the risk factors associated with the adverse effects of extubation failure 2,3 and reintubation 4 . Arterial blood gas (ABG) measurements at the end of a spontaneous breathing trial (SBT) are also not useful in predicting extubation failure 5 . However, to our knowledge no study has specifically addressed the utility of ABG measurements and the optimal duration of monitoring after planned extubations. A monitoring duration that is excessively short may lead to premature transfer to the general ward, where life-threatening deteriorations requiring urgent restitution of respiratory support (RRS) may go unnoticed. On the other hand, an overly cautious monitoring protocol will unnecessarily extend the ICU LOS, exposing patients to ICU infections and increasing the healthcare costs.
In the present study, we aimed to investigate the utility of ABG measurements and the optimal duration of monitoring after planned extubation in a cohort of medical ICU patients. For the purpose of this study, RRS includes endotracheal intubation, non-invasive ventilation (NIV) and continuous positive airway pressure (CPAP). In practice, these modalities all potentially require further ICU stay and hence we did not restrict our definition to reintubation alone.
We hypothesised that ABGs done post-extubation would reliably distinguish patients who required RRS vs those who did not. We followed up on our cohort of patients during their hospital stay and observed whether ABG abnormalities detected the need for RRS earlier than clinical observation and pulse oximetry. We also examined for an optimal cut-off monitoring duration that would encompass the majority of RRS episodes.
MATERIALS AND METHODS

Patients
We reviewed the case records of all adult (≥18 years) patients who were intubated for the first time in our medical ICU between June to December 2007 and had planned extubation following a SBT. Patients were excluded if they were extubated directly to NIV, had tracheostomies, died before extubation or had self-extubated. We included only first intubation episodes during the present admission, as patients who failed extubation represent a separate group with overall poorer outcomes 6 . The study was approved by our Institutional Review Board, which waived the need for informed consent.
Protocol for planned extubation
The process of extubation and SBT follows a set protocol in our medical ICU. The original indication for intubation must be adequately controlled before a patient is considered for extubation.
As per protocol, in our study sedation and feeds were stopped once daily to assess for extubation. If the haemodynamic parameters were stable and the blood pressure supported by minimal vasopressors (not more than 5 µg/kg/minute of dopamine or 0.5 µg/kg/minute of noradrenaline with mean arterial pressure ≥65 mmHg), then patients underwent a 30-minute SBT on an inspired oxygen fraction (FiO 2 ) of 0.3 to 0.4, with a T-piece or with pressure support ventilation of 12 cmH 2 O (with a heat moisture exchanger) and zero endexpiratory pressure. Inspiratory pressure support of 12 cmH 2 O was chosen to overcome the work of breathing imposed by both the heat moisture exchanger 7 and the endotracheal tube 8 . This level of pressure support was also used by Lellouche et al for patients with heat moisture exchangers where a computerised protocol was used for weaning 9 .
The patient was extubated if he or she remained haemodynamically stable and not in respiratory distress during the SBT. The trial was terminated if the arterial oxygen saturation (SpO 2 ) was <90%, respiratory rate >35 breaths/minute, heart rate >140 /minute, systolic blood pressure >180 mmHg or <90 mmHg, if the patient showed increased anxiety and diaphoresis or if there were excessive secretions. Routine ABGs were drawn following extubation at one and three hours in addition to the continuous clinical monitoring. ABGs at this time were arbitrarily considered to be able to detect significant hypercapnia.
Since escalating rather than absolute oxygen requirements would impact on the decision for RRS, for the purpose of this study, the FiO 2 while on low-flow nasal cannulas (1 to 6 l/minute) was taken as 0.24 when the flow was 1 l/minute and +0.04 FiO 2 for every 1 l/minute above that 10 . The FiO 2 for the non-rebreathable mask was taken as 1.00.
Indications for RRS included progressive deterioration and inadequate oxygenation that was not corrected by supplemental oxygen, inadequate ventilation (increased partial pressure of arterial carbon dioxide [P a CO 2 ] with acidaemia) and change in the mental condition with inability to protect the airway. Based on the above indications, the attending physician would then make the decision for RRS. The mode of chosen RRS, NIV, CPAP or intubation was left to the discretion of the attending physician. In general, non-invasive modes of ventilation were only considered if patients were alert and able to protect their airways.
Data collection
We recorded the following information using standardised forms: patient demographics (age and gender), presence of chronic obstructive pulmonary disease or congestive cardiac failure, original indication for intubation, day one Acute Physiology and Chronic Health Evaluation (APACHE) II score and the duration of intubation. We also recorded the variables assessed just prior to the spontaneous breathing trial (subjective cough strength, subjective quantification of secretion amount, mean arterial pressure, use of vasopressors, fluid balance in the preceding 24 hours, arterial pH, P a CO 2 , base excess, P a O 2 /FiO 2 ratio and the rapid shallow breathing index), mode of RRS when required and serial ABG results at one and three hours post-extubation.
Determination of utility of serial ABGs
We compared the ABG results between patient groups who required RRS vs those who did not. We also examined the case records for clinical data leading to the decision for RRS including the pulse oximetry findings and the mental state of the patients. We checked if the serial ABG results provided any additional information to the clinical data or if the results expedited the decision process for RRS. 
Determination of the optimal duration of monitoring post-extubation
We recorded the time interval between extubation and RRS and observed for the optimal cut-off duration that would allow identification of patients in need of RRS, while not unnecessarily prolonging observation in the ICU.
Statistical analysis
Results are presented as means (±SD) or medians (interquartile range [IQR] 
RESULTS
General characteristics of patients
A total of 291 patients were intubated between June and December 2007, of which 115 patients were included in the study. The rest were excluded for following reasons: died before extubation (107 patients), extubated to NIV (44 patients), tracheostomies prior to extubation (22 patients) and self-extubated (three patients).
The mean age was 57.5 years (±17.9) and 70 patients (61%) were male. Five patients (4.3%) had chronic obstructive pulmonary disease and 11 patients (9.6%) had history of heart failure with left ventricular dysfunction. No patient had neuromuscular disease or chest wall deformity. The mean APACHE II score on the first day of ICU admission was 21.9 (±8.5). The indications for intubation for the 115 patients are listed in Table 1 . Except for three patients (one required RRS later), all 46 patients had community-acquired pneumonia.
All patients had SBT using pressure support ventilation, except two patients who had T-piece trials. The duration of endotracheal intubation was a median of 45 hours (IQR 21.5 to 71.5). The median LOS in ICU was four days (IQR 3 to 6), while the median LOS in hospital was 12 days (IQR 7 to 25). In-hospital mortality was 13.9% (16/115).
Patients requiring restitution of respiratory support
Twenty-two of 115 (19.1%) patients required RRS after planned extubation. Twenty of the 22 patients (90.1%) were originally intubated for pneumonia. The modes of RRS required for the 22 patients were as follows: 11 (50%) patients required intubation, five (23%) patients required NIV and six (27%) patients required CPAP (Table 2) . Seventeen (77.3%) patients had hypoxaemic respiratory failure and five (22.7%) patients had symptomatic (increasing drowsiness) hypercapnic respiratory failure with hypoxaemia. There were no patients who had asymptomatic nonhypoxaemic hypercapnia.
As shown in Table 3 , patients who did and did not require RRS were well matched in terms of age, gender, presence of gag/cough, amount of secretions, mean arterial pressure at the time of the SBT, vasopressor dependence at the time of extubation, fluid balance in the 24 hours prior to extubation and pre-extubation ABG parameters. On univariate analysis, three factors -the original reason for intubation being pneumonia, APACHE II score and the duration of intubation -were significantly associated with the need for RRS. However, on multivariate analysis using the above three factors, only the original reason for intubation being pneumonia was significantly associated with the need for RRS (P <0.001, odds ratio 19.0, 95% CI 4.0 to 90.6). RRS=restitution of respiratory support, NIV=non-invasive ventilation, CPAP=continuous positive airway pressure. Data expressed as absolute numbers.
Utility of arterial blood gas measurements postextubation
On univariate analysis between patients who required RRS and those who did not require RRS, there were significant differences in the postextubation first hour P a O 2 /FiO 2 ratio and the third hour arterial pH (Table 4 ). However, these results were not clinically significant as they did not help to detect patients requiring RRS post-extubation.
All patients who required RRS had escalating oxygenation requirements immediately prior to RRS: 14 patients were using non-rebreathable masks (SpO 2 range 88 to 98%), five patients were using 50% Venturi mask (SpO 2 range 52 to 91%), one patient was using 35% Venturi mask (SpO 2 97%) and the remaining two patients required intranasal oxygen at 3 l/minute (SpO 2 range 98 to 100%).
In practice, all patients requiring RRS postextubation were detected by deteriorating pulse oximetry (SpO 2 ) and from mental state changes (increasing drowsiness). ABGs were then done to confirm the clinical picture prior to RRS. The routine ABGs performed at one and three hours post-extubation had no added value in the decision for RRS, nor did they detect deterioration earlier than clinical observation and pulse oximetry.
Optimal duration of monitoring post-extubation
The median duration between extubation and RRS was 13.5 hours (IQR 4.1 to 59.8). Sixteen of the 22 patients (72.7%) were intubated for pneumonia and had RRS within 24 hours, while the remaining six patients required RRS after more than 48 hours. As such, an optimal cut-off monitoring duration that would encompass the majority of RRS episodes would be 24 hours.
DISCUSSION
Our study results show that approximately a fifth (19%) of planned extubated patients required some form of respiratory support, mostly within the first 24 hours. The majority (90%) of such patients were initially intubated for pneumonia. Simple measurements of oxygen saturations were useful in deciding respiratory support and routine ABG measurements at one and three hours postextubation had no added value. In addition, an optimal cut-off monitoring duration that would encompass the majority of RRS episodes would be 24 hours.
Our RRS rates are comparable to reported rates of extubation failure of 2 to 25% 11 . In this regard, counting RRS events may be more meaningful than reintubation rates alone, as the use of NIV and CPAP often entail additional medical and nursing care and prolongs the LOS in either the ICU or high dependency units.
A prior retrospective study demonstrated that ABG measurement at the end of SBT is not a prerequisite for successful extubation 5 . Our study adds to this by showing that routine ABGs done at one and three hours after extubation are not necessary in determining patients in need of RRS. We have shown that patients who do deteriorate will manifest desaturation and/or increasing drowsiness. Furthermore, desaturation can be detected non-invasively by pulse oximetry which is continuous and in real-time.
In order to avoid the hazards of early transfer, it is prudent to monitor patients closely for a period of time post-extubation in the ICU. The median lag time to RRS of 13.5 hours in the present study is consistent with previous studies, where RRS were instituted between nine to 21 hours 12, 13 , suggesting that the majority of patients requiring RRS do so within the first 24 hours of extubation. It is likely that the minority of patients, who required RRS more than 49 hours after extubation, may have had additional respiratory problems that were not related to the original indication for intubation, such as the development of fluid overload and nosocomial infections. The optimal duration of monitoring in the ICU post-extubation, particularly those intubated for pneumonia, should therefore be at least 24 hours and would require the use of continuous pulse oximetry. This may apply only to patients originally intubated for pneumonia, as this group constituted more than 90% of the patients who required RRS. The optimal duration of monitoring for patients intubated for nonpneumonia indications is unclear. A larger prospective study will be necessary to answer this issue.
Previous studies have shown several factors to predict extubation failure, including the rapid shallow breathing index 14 , positive fluid balance in previous 24 hours 4 , pneumonia as the reason for initiating mechanical ventilation 4 , amount of endotracheal secretions [15] [16] [17] [18] , mental status 18 and hypercapnia 4,18 during the spontaneous breathing trial. Although this was not the aim of our study, we found only pneumonia to be an independent risk factor for RRS. Nonetheless, our small sample size did not allow us to confirm the results of the prior studies.
Limitations of our study include the retrospective nature of the data collection, the small sample size and that no fixed protocols were used to determine the need for RRS. Although the focus of our study was to detect whether RRS was done rather than the exact mode, we did not standardise the mode of RRS. We had also excluded most patients mechanically ventilated for exacerbations of chronic obstructive pulmonary disease, since these patients were very likely to have required and benefited from immediate NIV post-extubation 19, 20 . This indirectly led to a selection bias for pneumonia cases. Since most patients required RSS at a later period, post-extubation ABG at one and three hours was perhaps measured too soon and delayed assays may prove more useful. Patients were selected from the medical ICU and some conclusions cannot be drawn for other types of patient cohorts.
In conclusion, we have shown that serial ABG measurements at one and three hours after a planned extubation are not useful for monitoring patients. Also, the majority of patients with pneumonia who require reintubation will deteriorate in oxygenation and/or mental status prior to requiring respiratory support, which can be easily detectable by pulse oximetry and serial monitoring for drowsiness. Lastly, patients originally intubated for pneumonia should optimally be monitored following extubation for 24 hours in the ICU.
